THE RELATION OF THE SPLEEN TO BLOOD DESTRUCTION AND REGENERATION AND TO HEMOLYTIC JAUNDICE : XVI. THE INFLUENCE OF SPLENECTOMY AND OF BLOOD DISINTEGRATION UPON THE PRODUCTION OF BILE PIGMENT. by Goto, Kingo
THE  RELATION  OF  THE  SPLEEN  TO  BLOOD  DESTRUC- 
TION  AND  REGENERATION  AND  TO 
HEMOLYTIC  JAUNDICE. 
XVI.  THE INFLUENCE  OF SPLENECTOMY AND OF BLOOD DISINTE- 
ORATION UPON THE PRODUCTION OF BILE PIGMENT. 
BY KINGO GOTO, M.D. 
(From the John Herr Musser Department of Research Medicine  of the University of 
Pennsylvania,  Philadelphia.) 
(Received for publication, July 9, 1917.) 
In previous studies  (1) reported from this laboratory the various phenomena 
which  follow  splenectomy in the dog have been described.  In connection with 
the  most important  of  these--the anemia,  the  increased  resistance of  the  red 
cells,  and the decreased tendency to jaundice--numerous indirect  observations 
indicated that in the absence of the spleen, there is possibly a decreased formation 
of bile pigment.  In the present work this point was studied by a direct examina- 
tion of the pigment content of the bile. 
Banff (2)  was the first to point out  that  splenectomized dogs require larger 
doses of tohylenediamine to cause jaundice than do normal dogs.  Pugliese and 
Luzzatti (3)  confirmed this observation and brought evidence to show  that the 
action of tohylenediamine and pyrodine upon the splenectomized animal is less 
marked and occurs less promptly than in  the  normal animal.  Joannovics (4) 
agreed in  this general opinion and claimed,  as did also Vast  (5),  that  for the 
destruction of the blood cells by toluylenediamine the intervention of the spleen 
is necessary.  The only direct  observations appear to be those of Pugliese (6) 
who states that after splenectomy the output of bile pigment in bile from a bile 
fistula drops to about one-half, while  the other constituents of the bile are but 
little altered.  Moreover, he showed that although after the injection of pyrodine 
the bile of the splenectomized dogs shows an increase in the bile pigments, the 
increase is not so pronounced as in the normal dog after pyrodine injection. 
The recent work of Hooper and Whipple (7 c, d, e,/, h) does not support this 
claim of  Pugliese.  On  the  contrary,  these  observers assert  that  splenectomy 
has no constant influence on the outRut of bile pigments under normal conditions, 
though they find many interesting deviations from the normal output in splenec- 
tomized bile fistula dogs with anemia. 
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Methods. 
The  elimination  of  bile  pigment  and  the  changes  following  the 
administration  of  an hemolytic agent were studied both before and 
after splenectomy in dogs with a bile duct-ureter anastomosis (8); at 
the same time the studies were made of the red cell and hemoglobin 
content of the blood. 
Four dogs of approximately the same size were used.  They were 
fed on a standard diet containing 0.4 gm. of nitrogen per kilo and 70 
calories per kilo of body weight.  The diet consisted of beef  heart, 
lard, bread crumbs, sugar, a little salt, and some bone ash.  The daily 
intake of water was always the same. 
The importance of keeping the test animals on a  constant diet for 
bile pigment determination is obvious from the observations of Hooper 
and Whipple  (7 b),  who have shown that carbohydrates tend to in- 
crease considerably the secretion of bile  pigment in  dogs with  bile 
fistula and also that on a strict meat diet the bile pigment curve is at 
its lowest level. 
Instead of the usual external bile fistula, the bile duct-ureter fistula 
(or  anastomosis)  of Pearce and Eisenbrey (8)  was  employed.  The 
method consists in diverting the bile from .the intestine to the urinary 
bladder by anastomosing the common bile duct and the right ureter, 
after removal of the corresponding kidney.  It has several advantages 
for long continued observations and avoids some  of the  troubles of 
the external fistula, such  as  obstruction, infection, and losses due to 
accidents in collecting.  The mixture of urine and bile, in the absence 
of jaundice, offers no  difficulties for the quantitative  determination 
of bile pigments? 
Several days after this operation a  preliminary blood examination 
was made and if anemia was  absent,  and there was no  evidence of 
obstruction of flow of bile to the bladder, the urine was collected from 
the cage every morning for 1 week and the several lots were combined 
for quantitative estimation of bile pigment. 
The animals were not catheterized, the urine being collected daily 
:I  am indebted  to  Professor J.  E.  Sweet of the  Department  of  Surgical 
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and  preserved  in  cold  storage  until  the  quantitative  determination 
of bile pigment was made. 
It is well known that there are hourly and at times daily variations 
in bile pigment output (7 a, 9), and it was to avoid errors due to these 
variations  that  collections were continued  for so  long a  time.  This 
control period we hereafter refer to as Period A. 
In the second period, of equal duration  with  A, Period B, an hemo- 
lytic agent,  toluylenediamine,  was  given.  This  was made up in a  2 
per cent solution and administered by stomach tube daily at the same 
hour for 7 days. 
After Period B  had  been completed,  an  interval  of more  than  10 
days was  allowed  to  elapse  to permit  recovery from  the anemia due 
to toluylenediamine.  Splenectomy  was  then performed  under ether 
anesthesia.  1  week  after  this  operation,  observations  similar  to 
those  of Period  A  were  made.  This  period  is  known  as  Period  C. 
In Period D, toluylenediamine was given as in Period B.  In each 
period observations were made of the  condition of the blood and  of 
the weight and general condition.  At the termination of each experi- 
ment  the  anastomosis,  the  bile  passages,  liver,  ureter,  and  urinary 
bladder  were  carefully  examined.  No  abnormalities  were  found 
except a  slight dilatation of the bile ducts with slight bile stasis in the 
liver in Dog 2. 
In  the  first  experiment  (Dog  1)  two  observations  were  made  in 
Period A, and in the first and second (Dogs 1 and 2) two sets in Period 
B.  In the other animals, only one set was made in all periods. 
For the determinations of the amount of bile pigment in the urine, the method 
of Hooper and Whipple (7a) was used.  Exactly 10 cc. of bile-urine mixture were 
placed in a large glass tube, 20 cc. of 10 per cent calcium chloride solution were 
added; the mixture was then made weakly alkaline  with a saturated solution of 
sodium carbonate and centrifuged for 30 minutes at a speed of 1,500 revolutions 
per minute.  After this, a small amount of calcium chloride solution was added 
to see  whether precipitation would  occur again.  After complete precipitation 
was assured,  the precipitate was washed four times with distilled  water by use 
of the centrifuge.  To dissolve the precipitate finally, the following solution was 
used: 
CO. 
Ethyl  alcohol,  95 per cent ......................................  100 
Nitric acid,  50  ....  .  .....................................  0.4 
Hydrochloric acid, 37  "  "  . .....................................  5.0 798  BLOOD  DESTRUCTION  AND  REGENERATION.  XVI 
After standing for 16 to 18 hours, when  the intensity of color  was at its maximum, 
the pigment was estimated by the Duboscq colorimeter.  The standardization 
of the wedge in the colorimeter was made against Kahlbaum's chemically pure 
bilirubin. 
For determining the hemoglobin content of the blood the Fleischl- 
Miescher apparatus was used. 
The  resistance  of  the  erythrocytes was  examined  by  hypotonic 
salt solution; there was very slight decrease after the administration 
of toluylenediamine and very slight increase after the splenectomy. 
RlgSULTS. 
The  general outcome of these  experiments is  shown ill Tables  I 
to IV.  In the first period the general condition of the animal--weight 
and blood picture  was satisfactory.  In Period B the blood changes 
due to toluylenediamine were accompanied by a  slight loss of weight 
and this was evident also in  Period D,  but  in general the changes 
were not sufficient to prevent comparable observations in the various 
periods.  It  should  be  emphasized  that  in  the  four  experiments 
reproduced in tabular form, there was no loss of bile through faulty 
anastomosis  and  no  evidence  of  jaundice  due  to  obstruction.  In 
studying the tables Period A should be compared with Period C and 
Period B with Period D, the former showing the effect of splenectomy 
alone and the latter of splenectomy on the formation of bile pigment 
in  the  presence  of  excessive  blood  destruction.  This  comparison 
shows that in each experiment the elimination of bile pigment after 
splenectomy was  reduced and  the  observations  are  thus  in  accord 
with those of Austin and Pepper (1 l), which indicated that the path 
of the blood to the liver is an important factor in the production of 
jaundice.  There  is,  however,  another  possible  factor.  Pearce, 
Austin, and Musser (1 c) have shown that the production of jaundice 
is more difficult in an anemic animal than in the plethoric animal, and 
Hooper  and  Whipple  (7 g),  who  found  that  splenectomy did  not 
influence the output of bile pigment in  the dog  after several months 
following splenectomy, describe many curious results in the  anemic 
splenectomized animal.  In  all  the  experiments  the  blood  picture 
was never so satisfactory in Period C as in Period A and the factors Y~INGO GOTO  799 
of anemia and blood regeneration undoubtedly have something to do 
with the results we obtained.  There is, however, no question, under 
the condition of these experiments, of the decreased elimination of bile 
pigment after splenectomy.  In this  connection it  should be pointed 
out  that  the  periods  of  continuous observation--7  days--are larger 
TABLE  I. 
Dog 1.  Weight 9.3 kilos. 
Put on diet* January 15, 1917. 
Bile duct-ureter anastomosis January 19. 
PeHod. 
1917 
Period A. 
Jan. 23-29 
"  30-Feb~  5 
Period B. 
Feb.  6-12 
B  Blood. 
Dose  of 2 per cent  "~, ~  " 
to|uylenedlamine,  o *~ ~  "~o  =  o'~  Hemo- Erythrocytes 
Et  Date.  globin,  per cm. 
per 
g,n .  1917  cent  k g. 
9.0678  Jan. 23  98  6,210,000 
0.0644  "  30  100  6,030,000 ).4 
"  21-27 
Mar. 16. 
Splenectomy. 
Period C. 
Mar. 22-28 
Period D. 
Mar. 29-Apr. 4 
10cc. everyday.  0.0698  Feb.  8  82  5,450,000 ~.0 
"  13  94  5,700,000 
13 cc. on Feb. 21, 22, 23;  0.310  "  19  103  5,170,000 
15 co. on Feb. 24,25,  "  23  95  5,200,000 8.0 
26, 27.  "  27  43  4,190,000 7.8 
Mar. 15  101 
0.0450  Mar. 22  89  5,300,000 8.2 
"  28  82  5,360,000 8.1 
13cc. onMar. 29,30,31;  0.208  Mar.  30  74  5,230,000 7.5 
15 cc. on Apr. 1, 2, 3, 4.  Apr.  4  63  3,600,000 7.5 
* Diet consisted of beef heart 150 gin., lard 30 gin., sugar 40 gm., bread crumbs 
50 gin., bone ash 10 gm., salt 2 gm., and water 300 cc. 
than  those  of other  observers  and  thus  obviate  error  due  to  tempo- 
rary  fluctuations--possibly  a  source  of  error  in  shorter  periods  of 
observations. 
A comparison of Periods A and B shows that small doses over several 
days of an hemolytic poison may not cause an increase in bile pigment 
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fivefold  increase  in  elimination  may  occur  (Table  I).  This  is  in 
accord  with  the  views  of  Pearce,  Austin,  and  Eisenbrey  (1  b)  on 
the relation of hemoglobinemia to jaundice. 
If  Periods  B  and  D  are  compared,  it  is  seen  that  although  in 
Period  D  an  increase  of pigment  elimination  follows blood destruc- 
TABLE  II. 
Dog 2.  Weight  10.5  kilos. 
Put on diet* January 20,  1917. 
Bile duct-ureter  anastomosis January  23. 
Period. 
1917 
Period A. 
Jan. 30-Feb. 5 
Period B. 
Feb. 6-12 
"  21-27 
Mar. 16. 
Splenectomy. 
Period C. 
Mar. 22-28 
Period D. 
Mar. 29-Apr. 4 
Dose of 2 per cent 
toluylenediamine. 
10 cc. every day. 
Bile 
pigment 
per day. 
13cc. onFeb. 21, 22,23;  [I.1280 
15 cc. on Feb. 24, 25, 
26, 27. 
Date. 
Blood. 
Hemo- Erythrocytes 
globin,  per cm. 
gm.  1917  per 
cent 
9.0622  Feb.  5  101  5,680,000 
C).0672  Feb.  8  68  3,950,000 
"  13  71  4,010,000 
"  19  86  5,480,000 
"  23  52  3,550,000 
"  27  38  3,520,000 
Mar. 15  99 
0,036  Mar. 22  81 
"  28  82 
~3 
13 cc. on Mar. 29, 30, 31;  0.103 
15 cc. on Apr. 1, 2, 3, 4. 
kg. 
9.9 
9.4 
8.9 
8.9 
8.6 
4,460,000  8.9 
4,280,000  8.2 
Mar. 30  62  3,510,000 
Apr.  4  35  3,140,000 
8.0 
7.9 
* Diet consisted of beef heart 150  gin., lard 40 gin., sugar 40 gin., bread crumbs 
50 gin., bone ash 10 gin., salt 2 gin., and water 300 cc. 
tion,  this  increase  does  not  reach  the  high  level  obtained  before 
splenectomy  (Period B).  There is here no question  of the influence 
of  anemia,  as was  the  case  in  comparing  Periods  A  and  C,  for in 
all experiments in Periods B  and D  anemia was present,  and  was of 
approximately  the  same  degree.  It  is  difficult  therefore  to  avoid 
the conclusion that  the lowered elimination  of bile pigment is due to 
the absence of the spleen. TABLE  II1. 
Dog  3.  Weight  8.6  kilos. 
Put on diet* February 27,  1917. 
Bile duct-ureter anastomosis March 1. 
Period,  Dose of 2 per cent 
toluylenediamine. 
1917 
Period A. 
Mar. 5-11 
Period B.  14 cc. every day. 
Mar. 12-18 
Mar. 30. 
Splenectomy. 
Period C. 
Apr. 5-11 
14 cc. every day.  Period D. 
Apr. 12-18 
Bile 
oigment 
per day. 
g~'L 
0.0624 
3.288 
9.0396 
9.202 
Date. 
1917 
Mar.  6 
Mar. 13 
"  18 
Mar. 29 
Apr.  6 
"  11 
Apr. 13 
"  18 
Blood. 
Hemo- 
globin. 
per 
cent 
102 
82 
45 
100 
82 
64 
58 
40 
Erythroeytes 
per cm. 
kg 
6,120,000  8. 
3,930,000  8. 
3,420,000  7. 
5,120,000  8. 
4,860,000  7 
7 
7. 
3,570,000 
3,240,000 
* Diet consisted of beef heart 110 gin., lard 35 gin., sugar 35 gin., bread crumbs 
30 gin., bone ash 10 gin., salt 2 gin., and water 300 cc. 
TABLE  IV. 
Dog  4.  Weight  8.4  kilos. 
Put on diet * February 27,  1917. 
Bile duct-ureter anastomosis March  1. 
Period. 
1917 
Period A. 
Mar. 5-11 
Period B. 
Mar. 12-18 
Mar.  30. 
Splenectomy. 
Period C. 
Apr. 5-11 
Period D. 
Apr. 12-18 
Dose of 2 per cent 
toluylenediamine. 
14 cc. every day. 
14 cc. every day. 
Bile 
pigment 
per day. 
gm. 
0.0618 
0.186 
0.036 
0.1256 
Date. 
1917 
Mar.  6 
Mar. 13 
"  18 
Mar. 29 
Apr.  6 
"  11 
Apr. 13 
"  18 
Blood. 
Hemo- I  Erythrocytes 
globin,  per cm. 
per 
cen~ 
94  5,980,000 
77  4,360,000 
42  3,433,000 
90 
84  4,820,000 
69  4,250,000 
61  4,060,000 
38  3,220,000 
i kg  . 
18.2 
181 
!7.4 
8.1 
7.5 
7.0 
7.2 
* Diet  consisted of beef heart 110 gin., lard 35 gin., sugar 35 gin., bread crumbs 
30 gin., bone ash 10 gin., salt 2 gm., and water 300 cc. 
801 802  BLOOD DESTRUCTION AND  REGENERATION.  XVI 
SUMMAI~Y. 
1.  In four animals with a  bile  duct-ureter anastomosis and with- 
out disturbance due to obstruction or absorption, the total quantity 
of bile pigment output during a  day under normal conditions varied 
from  0.0618  to  0.0578  gm.  These  figures  are  practically identical 
with those of Stadelmann (9, 10) but lower than those given by Hooper 
and  Whipple  (7),  who  find that the average bile pigment excretion 
amounts to about 1 rag. per pound oi body weight per 6 hours. 
2.  In all the experiments there is definite evidence of a decrease in 
bile  pigment elimination after  splenectomy'.  This is  true not  only 
of the elimination when no hemolytic agent is administered but also 
when  excessive  blood  destruction is  caused.  Under  the  latter  cir- 
cumstances the amount of bile pigment is greatly increased but never 
reaches the high level of blood destruction before splenectomy. 
3.  These observations appear to show conclusively that the absence 
of  the  spleen  influences  the  formation of  bile  pigment.  To  what 
extent the influence is mechanical, i.e.,  change in  the  course of  the 
blood to the liver, and to what extent due to anemia, cannot be stated 
at present. 
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